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Engineering Marvels:
The Itaipú Dam
By Katie McKenzie, Biomedical Engineering Junior

October of 2018 brought with it a striking publication by the
Intergovernmental Panel on Climate Change (IPCC) that,
combined with information from the scientists at the United
Nations (UN) and the World Meteorological Organization
(WMO), informed the world that the time to save the
environment is drawing short. Many nations then experienced
a renewed sense of urgency to maximize environmental
preservation efforts. Yet, while some nations are still striving
to meet the minimum amount of emissions recommended,
others have been setting the standard of renewable energy
usage for years. Such is the status of Paraguay, and this is all
thanks to the Itaipú Dam, a hydroelectric dam on the Paraná
River between Brazil and Paraguay.
Hydroelectricity has been around for more than 2000 years.
The ancient Greeks once utilized water wheels to convert
falling water into the ability to grind up grain. The Middle Ages
brought with them the spread of hydropower across the rest
of Europe. However, the invention that proved most critical to
the future of hydroelectricity was the first electric generator
by Michael Faraday, who is well known for the concept of
Faraday cages. This invention, in 1831, was the starting
point for the generation of electricity using hydropower
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in 1878. By 1882, the first hydroelectric power plant in
Appleton, Wisconsin, had a power output of nearly 12.5 kW.
From there, hydropower only gained momentum. The Hoover
Dam, with an original capacity of 1345 MW was opened in
1936. In just over fifty years, the engineers working on this
energy generation technique were able to increase output
by roughly six orders of magnitude. One of the next dams to
follow this precedence is the Three Gorges Dam, previously
highlighted in the Winter 2017 Edition of the E&S magazine.
The Three Gorges Dam had the largest energy production of
22,500 megawatts. The Itaipú Dam, in comparison, broke
the world hydroelectric power record in 2016 by producing
103,098,366 megawatt hours.
The dam was built between 1975 and 1982 and is almost
200 meters tall. The construction of the plant was a team
effort between the nations of Brazil and Paraguay. Plans for
such a massive undertaking began in the 1960s. Paraguay
and Brazil signed the Treaty of Itaipú on April 26, 1973,
that became the legal means by which the two countries
could collaborate to use the hydroelectric potential of the
Paraná River. Part of a larger hydroelectric project, the dam
is named after an island near the site of construction. The
entity created to build it is called the Itaipú Binacional. The
construction cost roughly $19.6 billion.
The construction was led by groups from the United States
and Italy who ensured that the project would be viable. Then,

four rock crushing centers and six concrete mixing plants
were set up to generate the materials needed to create the
dam itself. The river’s route also had to be slightly altered to
allow for the dam to be built on the original riverbed. The dam
is a combination of a main dam composed of concrete and
auxiliary dams comprised of rockfill, earthfill rocks, and earth
from the other excavations. The concrete portion used 12.3
million m3 of concrete. The building of these dams created
the nearly 30-billion-ton capacity reservoir that would be
used to feed into the dam. Altogether, nearly 40,000 people
contributed to the construction, and 380 Eiffel Towers could
have been built with the iron and steel put into the project.

It is no wonder why the dam is considered one of the
most expensive things ever built. The entire objective
of the company running the dam is “to generate quality
electricity with social and environmental responsibility,
driving economic, touristic and technological sustainable
development in Brazil and Paraguay.” Although this is an
extremely ambitious mission statement, it acknowledges the
true importance of such a massive hydroelectric dam.

The plant is comprised of twenty separate generating units.
The first two were installed in 1984. The rest were added
in over time with the last generator being put into action in
2007. The instantaneous generation capability of the plants
is almost 10.6 MW. For reference, in 2014, an average
home in the Pacific Northwest required 11 megawatt-hours
per year. Beyond that, the Itaipú has a spectacular record
availability index of 96.3 percent. The availability index refers
to the amount of time that the power from the plant can be
accessed.
When it comes to the usage of the massive amount of
power generated, Paraguay and Brazil split ownership of
the turbines. Yet, the energy requirements of Paraguay and
Brazil are vastly different. In 2013, the power plants provided
Paraguay with 75 percent of its electricity. This was done
by Paraguay only using 10 percent of the energy produced
by the plant. Brazil, in contrast, uses 90 percent of the
generated energy which supplies Brazil with 17 percent of its
required electricity. Paraguay sells its extra power to Brazil
as planned in the original treaty. In that initial document,
Paraguay was set to sell the unused electricity to the Brazilian
electricity monopoly for $124 million per year. In 2009, this
was renegotiated, and Brazil tripled its payments to Paraguay
while simultaneously allowing Brazilian companies to buy
their electricity directly from the other government.
This spectacular feat of engineering has not been without its
downsides. From the conception of this dam, there have been
opponents to its creation. Although all negotiations occurred
between Paraguay and Brazil, Argentina is downstream on
the Paraná River and had a multitude of concerns regarding
this project. Argentinian leadership was concerned that the
dam could be used against them in the event of a conflict
between Brazil and Argentina. For example, there was deep
concern that the floodgates could be opened in order to flood
all the way to Buenos Aires. Despite these concerns, the side
canals were blocked off in October 1982, and the reservoir
began to form. This flooding forced 10,000 families to move
from the area.

Hydroelectric plant with the generating units in white.

In an age when protecting the world is of increasing
importance, some countries are already multiple steps ahead
of the curve. Unfortunately, not every nation has access to
a renewable energy gold mine as the Paraná River and its
hydroelectric potential. However, in the instances where
a region does have resources like this, Paraguay proves
that a country can thrive while almost solely dependent
on renewable energy. It’s a bonus that this widespread
sustainability can be achieved by spectacular engineering.
Sources:
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Yet, despite these undesirable side effects, the Itaipú
Dam is still considered one of the modern wonders of the
engineering world. Realizing such a massive plan spanned
over two decades and involved rerouting an entire river.
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